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(57) Abstract 

The present invention relates to a Vpr protein, a Vpx protein or fragments thereof which permit the development of chimeric molecules 
that can be specifically targeted into the matu re MV-1 and HTV-2 virions to affect their structural organization and/or functional integrity, 
thereby resulting in gene therapy for HIV-1 and HTV-2 infections. The present invention also relates to Vpr/Vpx protein fragments, ^p6 
protein, p6 protein fragment, or functional derivatives thereof which interfere with the native Vpr/Vpx incorporation into HIV-1 and HIV-2 
virions. The present invention also relates to treatment of HIV-1 and HIV-2 infections based on the proteins of the present invention. 
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This invention relates to two different 
5 approaches using the Vpr/Vpx protein or p6 protein for 
treatment of HIV-1 and/or HIV-2 infections. 



Acquired Immune Deficiency Syndrome (AIDS) is a 

10 slow degenerative disease of the immune and nervous 
systems caused by the Human Immunodeficiency Virus 
(HIV). The life cycle of HIV lies at the heart of the 
AIDS pandemic. The spread of the disease is primarily 
determined by the infectious properties of this virus. 

15 Progressive lethal degeneration of the immune and 
central nervous systems results from long term chronic 
replication of this virus . 

HIV belongs to a unique virus family, the 
retroviridae, a group of small, enveloped, positive 

20 stranded, RNA viruses (Lavallee et al., 1994, J. Virol, 

6^-1-9^6^1-9-34-; — ifvterftationai — Patent — Application Eo~l WO 

90/158,75 on December 27, 1990 in the name of DANA 
FARBER CANCER INSTITUTE) • These viruses code for an 
enzyme, the reverse transcriptase (RT), which enables 

25 them to replicate their RNA genome through a DNA 
intermediate. Simple retroviruses contain three, 
contiguous reading frames coding for the gag, pol and 
env genes, which constitute their structural and 
enzymatic repertoire, all packaged in the progeny 

30 virion. The gag and env genes encode the core 
nucleocapsids proteins and the membrane glycoproteins 
of the virus, respectively, whereas the pol gene gives 
rise to the reverse transcriptase and other enzymatic 
activities (ribonuclease H, integrase and protease) 

35 that are essential for viral replication. HIV belongs 
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Alamos National Laboratory , New Mexico, USA) , although 
the open reading frame is often truncated in viral 
strains extensively passaged in tissue culture. The 
vpr open reading frame is also present in HIV-2 
5 isolates and in most but not in all SIV isolates - A 
sequence similar to HIV-1 vpr is also found in Visna 
virus. The Vpr protein is made from a singly spliced 
rev-dependent mRNA species that accumulates late in 
infection o The Vpr protein of HIV and SIV have 

10 recently been shown to be present in mature viral 
particles in multiple copies. Amino acid comparison 
between vpx (a gene unique to HIV-2 and SIVs) , and vpr 
from both HIV-2 and HIV-1, showed regions of strong 
homology (Tristem et al., 1992, EMBO J. 11: 3405-12). 

15 Like Vpr, Vpx is also packaged into the mature virion 
and has been shown to confer a growth advantage to 
viruses expressing the protein (Yu et al., 1993, J. 
Virol. 67: 4386-90). Interestingly, Vpx can be 
incorporated into HIV-1, HIV-2 or SIV with similar 

20 efficiencies. Based on the shared function, 

pro perties, — including virai compartimentalization, and 

homologies of sequences between Vpr and Vpx, vpx in 
the HIV-2/SIV group, is thought to have arisen by 
duplication of the vpr gene (Fig. 2; Tristem et al., 

25 1992, EMBO J. 11: 3405-12; and Myers et al., 1993, 
Human Retroviruses and AIDS 1993 I-II, Los Alamos 
National Laboratory, New Mexico, USA) . Interestingly, 
Vpr and Vpx are the first regulatory protein of any 
retrovirus found to be associated with viral 

30 particles. Other regulatory proteins, such as tat, 
Rev, Nef, Vif and Vpu are not vir ion-associated. The 
assembly and maturation of HIV-1 viral particles is a 
complex process in which the structural Gag, Pol and 
Env gene products are expressed in the form of 

35 polyprotein precursors. The Gag proteins of HIV play 
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to the lentivirus subfamily, memb rs of which are 
characterised by several additional open reading 
frames (ORF) not found in simple retroviruses (Pig. 
1). These ORFs all appear following gag-pol 

5 sequences, either immediately preceding the env 
sequences or overlapping it, and at least in one case, 
nef, extending well into the 3* Long Terminal Repeat 
( LTR ) • These ORFs code for non-structural viral 
proteins readily detectable in the cells- Much 
10 evidence has accumulated indicating that these gene 
products, collectively referred to as auxiliary 
proteins, are capable of modulating viral replication 
and infectivity. 

HIV-1 possesses at least six such auxiliary 
15 proteins, namely, Vif, Vpr, Tat, Rev, Vpu and Nef. 
The closely related HIV- 2 does not code for Vpu, but 
codes for another unrelated protein, Vpx, not found in 
HIV-1. Mutations affecting either Tat or Rev severely 
impair viral replication indicating that these two 
20 auxiliary proteins are essential for viral 

replication. However , at least In vitro, mutations 

affecting other auxiliary proteins result in minimal 
effect on the viral replication kinetics. Hence, 
these proteins have been dubbed dispensable or non- 
25 essential for in vitro replication, and are usually 
referred to as accessory gene products. 

In the past few years, it has become evident 
that while these "accessory" genes are not required 
for productive replication, they are nonetheless 
30 capable of affecting replication events, even in 
vitro. More importantly, recent data indicates that 
they may affect pathogenesis in vivo. 

The vpr gene encod s a 14kDa protein (96 amino 
acids) in most strains of HIV-1 (Fig. 2; Myers et al. # 
35 1993, Human Retroviruses and AIDS 1993 I-II, Los 
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Interestingly, while mutations affecting HIV-1 vpr do 
not affect replication in peripheral blood mononuclear 
cells (PBMC), mutations in HIV-2 vpr results in a 
measurable impairment in these cells. Similarly, a 
5 recent study using anti-sense RNA directed against vpr 
inhibited viral replication in primary macrophages but 
not in transformed T-cells. Previous work indicated 
that this rapid growth advantage may be conferred by 
the weak transactivation property of Vpr on HIV-LTR 

10 directed gene expression (European Patent Application 
published under Wo. 474,797 on March 18, 1992 in the 
name of DANA FARBER CANCER INSTITUTE). Cotransf ection 
experiments suggest that vpr could augment the 
expression of a reporter gene from several 

15 heterologous promoters by approximately three to ten 
fold. 

The carboxyl terminal sequence of Vpr have been 
shown to be important for Vpr mediated transactivation 
as prematurely truncated proteins are non-functional 

20 and are not packaged into the virion. Interestingly, 
a recent report also indicated that the carboxyl 
terminal of the protein is important for nuclear 
localization (Lu et al., 1993, J. Virol., 62<1):6542- 
6550). A specific vpr responsive LTR sequence was not 

25 identified and the exact mechanism by which vpr 
augments reporter gene expression is not clear. The 
precise mode of action of vpr is yet to be 
established. However, the presence of Vpr in the 
viral particle (a property also shared by Vpx) 

30 suggests that this protein has a role in the early 
stage of infection. Virion-associated non-structural 
proteins in many viral systems play a pivotal 
nzymatic functions in early replication steps, either 
because cellular homologu s are unavailable or are 

35 sequestered, for example, in the nucleus . It is 
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a central rol in virion assembly and budding. Gag 
proteins are initially synthesized as myristylated 
polyprotein precursors, Pr 55^*9 and PrlSOWP 01 , which 
are transported to the inner face of the plasma 
5 membrane where they can direct particle formation, 
even in the absence of other viral proteins. Complete 
budding leads to formation of immature particles, 
followed by HIV protease mediated cleavage of the Gag 
and Gag-Pol precursor polyproteins and formation of 

10 mature HIV particles with condensed core. The mature 
virion proteins derived from cleavage of the gag- 
encoded precursor, Pr55* a 9, include the pl7 matrix 
protein (MA), the p24 capsid protein (CA), the p7 
nucleocapsid protein (NC), and a small proline-rich 

15 peptide of approximately 6 kDa designated p6 which are 
linked in this order in the polyprotein precursor. 
Vpr is not part of the virus polyprotein precursors 
and its incorporation occurs by way of an interaction 
with a component normally found in the viral particle - 

20 It was recently reported that the HIV-1 Vpr could be 
incorporated In trans into viral-like particle ( VLP ) 
originating from expression of the Pr559*g only 
(Lavallee et al., 1994, J. Virol., 68:1926-1934). 
Data from this and other studies indicate that Vpr 

25 incorporation appeared to result from a direct 
interaction of Vpr with the carboxy-terminal region of 
the Pr559*9 polyprotein (Paxton et al., 1993, J. 
Virol., £2(12):7229-7237; Lu et al., 1993, J. Virol., 
£2(l):6542-6550). 

30 Functional studies indicated that the full 

length vpr protein could confer favorable growth 
properties to viruses. The increase in virion 
production is more pronounced in primary macrophages 
in both HIV-1 and HIV-2 systems, suggesting that Vpr 

35 function may be important in specific target cells. 
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HIV-2 virions to affect their structural organization 
and/or functional integrity « 

It would also be highly desirable to be 
provided with a Vpr protein, a Vpx protein or 
fragments thereof which permit the development of 
chimeric molecules that can be specifically targeted 
into the mature HIV-1 and/or HIV-2 virions to affect 
their structural organization and/or functional 
integrity, thereby resulting in treatment of HIV-1 
and/or HIV-2 infections, 

It would also be highly desirable to be 
provided with a therapeutic agent which permit the 
targeting of chimeric molecules into the mature HIV-1 
and HIV-2 virions as a treatment for HIV-1 and HIV-2 
infections. 

It would also be highly desirable to be 
provided with the identification of the protein 
interactions responsible for Vpr or Vpx incorporation 
into the mature HIV-1 and/or HIV-2 virions. 

It would also be highly desirable to be 
provided with means to incorporate Vpr or Vpx into the 
mature HIV-1 and/or HIV-2 virions by making use of the 
protein interactions responsible for incorporation of 
Vpr or Vpx therein, thereby affecting the functional 
25 integrity of the HIV virions - 

It would also be highly desirable to be 
provided with a Vpr protein fragment, a Vpx protein 
fragment, a p6 protein or p6 protein fragment which 
permits the development of molecules that can 
30 specifically interfere with the protein interactions 
responsible for Vpr or Vpx incorporation into the 
mature HIV-1 and/or HIV-2 virions to affect their 
functional integrity, ther by resulting in tr atment 
of HIV-1 and/or HIV-2 infections. 
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possible that Vpr is one such protein, capable of 
modulating early viral specific functions such as 
reverse transcription stabilization of early RNA or 
DMA intermediates, transport to the nucleus or 

5 integration. It is equally possible that Vpr could 
function at an early step, in a non-viral specific 
manner, by triggering processes that could make the 
cellular environment congenial to establish viral 
infection. In this regard, HIV-1 Vpr has been 
10 reported to be involved in inducing cellular 
differentiation in rhabdomyosarcoma cells (Levy et 
alo, 1993, Cell, 22:541-550). Finally, because Vpr is 
synthesized late in the infection cycle of HIV, it may 
regulate the morphogenesis of the virus (late events) 

15 by an unknown mechanism or constitute a structural 
protein involved in the integrity of the virions. 

The use of transport polypeptides for 
biological targeting is well known and was adapted to 
many fields. The HIV Tat protein has been described 

20 to effect the delivery of molecules into the cytoplasm 
nuclei of cells ( International Application 
published on March 3, 1994 as Ho. WO 94/04686 in the 
name of BIOGEN, INC.). However, the Tat transport 
polypeptides can not allow the delivery of molecules 

25 to HIV virions. Viral proteins such as Gag of Rous 
sarcoma virus and Moloney murine leukemia virus and 
portion of HIV-1 Gag protein have been used as carrier 
for incorporation of foreign antigens and enzymatic 
markers into retroviral particles (Wang et al., 1994, 

30 Virology, 2Q0: 524-534) . However, most of the Gag 
protein sequences are essential for efficient viral 
particles assembly, thus limiting the use of such 
virion components as carrier. 

It would be highly desirable to b provid d 

35 with means to target molecules to mature HIV-1 and/or 
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Anoth r aim of the present invention is to 
provide a Vpr protein fragment, a Vpx protein 
fragment, a p6 protein or p6 protein fragment which 
permit the development of molecules that can 
specifically interfere with the protein interactions 
responsible for Vpr or Vpx incorporation into the 
mature HIV-1 and/or HIV-2 virions to affect their 
functional integrity, thereby resulting in treatment 
of HIV-1 and/or HIV-2 infections . 

Another aim of the present invention is to 
provide a therapeutic agent which interferes with the 
protein interactions responsible for Vpr or Vpx 
incorporation into the mature HIV-1 and/or HIV-2 
virions as a treatment for HIV-1 and/or HIV-2 
infections. 

In accordance with the present invention there 
is provided a protein for targeting into a mature 
HIV-1 and/or HIV-2 virion, the protein comprising a 
sufficient number of amino acids of a Vpr protein, a 
Vpx protein, functional derivatives or fragments 
thereof, wherein the protein interacts with a Gag- 
precursor protein of the mature virion and is 
incorporated by the virion- More specifically, the 
protein interacts with the protein p6 which is a 
25 component of the Gag-precursor protein. 

More specifically, the protein of the present 
invention, further comprises a protein fragment 
covalently attached to its N- or C-terminal to form a 
chimeric protein which is also incorporated by the 
30 mature virion. Such an attached protein fragment of 
the present invention consists of amino acid sequence 
effective in reducing HIV expression or replication, 
the amino acid sequence encoding for example a RNase 
activity, protease activity, creating steric hindrance 
35 during virion assembly and morphogenesis and/or 
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It would also be highly desirable to be 
provided with a therapeutic agent which interferes 
with the protein interaction responsible for Vpr or 
Vpx incorporation in the mature HIV-1 and/or HIV-2 
5 virions as a treatment for HIV-1 and/or HIV- 2 
infections- 

One aim of the present invention is to provide 
means to target molecules to mature HIV-1 and/or HIV-2 
virions to affect their structural organization and/or 
functional integrity 

Another aim of the present invention is to 
provide a Vpr protein, a Vpx protein or fragments 
thereof which permit the development of chimeric 
molecules that can be specifically targeted into the 
mature HIV-1 and/or HIV-2 virions to affect their 
structural organization and/or functional integrity, 
thereby resulting in treatment of HIV-1 and/or HIV-2 

infections- 

Another aim of the present invention is to 
provide a therapeutic agent which permits the 
targeting of chimeric molecules into the mature HIV-1 
and/or HIV-2 virions as a treatment for HIV-1 and/or 
25 HIV-2 infections. 

Another aim of the present invention is to 
provide the identification of the protein interactions 
responsible for Vpr or Vpx incorporation into the 
mature HIV-1 and/or HIV-2 virions - 
30 Another aim of the present invention is to 

provide means to incorporate Vpr or Vpx into the 
mature HIV-1 and/or HIV-2 virions by making use of the 
protein int ractions responsible for incorporation of 
Vpr or Vpx therein, thereby affecting the functional 
35 integrity of the HIV virions . 
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carrier. The administration step of the method is 
effected intracellularly for anti-viral treatment 
including gene therapy or intracellular immunization 
of the patient through DNA transfection or 
5 administration of the chimeric protein. The anti- 
viral treatment can be effected through transfection 
of a patient's hematopoietic cells with a DNA 
construct harboring a Vpr/Vpx chimeric protein, 
followed by readministration of the transfected cells, 

10 and/or through administration of a DNA construct 
harboring a Vpr/Vpx chimeric protein or directly by 
administration of a Vpr/Vpx chimeric protein, via the 
blood stream or otherwise. 

In accordance with the present invention there 

15 is also provided A vector comprising: (a) a DNA segment 
encoding a protein which interferes with the 
incorporation of native Vpr/Vpx into HIV-1 and/ or HIV- 
2 virions, comprising a sufficient number of amino 
acids of a Vpr protein, a Vpx protein, a p6 protein, 

20 functional derivatives or fragments thereof; and(b)a 
promoter upstream of the DNA segment. 

Accordingly, in view of two different 
approaches of the present invention, therapeutic 
agents which may be used in accordance with the 

25 present invention are selected from the group 
consisting of a protein of the present invention 
including Vpr/Vpx chimeras comprising RNase, proteases 
or amino acids sequences capable of creating steric 
hindrance during virion morphogenesis, and/or 

30 affecting viral protein interactions responsible for 
infectivity and/or viral replication, Vpr/Vpx protein 
fragment, p6 protein and p6 protein fragment, and DNA 
sequences encoding a protein of the present invention. 

In accordance with the present invention there 

35 is also provided a pharmaceutical composition for 
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affecting viral prot in int Tactions responsible for 
infectivity and/or viral replication. 

More specifically, the protein of the present 
invention, further comprises a molecule to form a 
5 protein-molecule complex which is also incorporated by 
the mature virion- Such a molecule is selected from 
the group consisting of anti-viral agents, RNases, 
proteases, and amino acid sequences capable of 
creating steric hindrance during virion assembly and 

10 morphogenesis. The molecule of the protein-molecule 
complex of the present invention affects the 
structural organization or functional integrity of the 
mature virion by steric hindrance or enzymatic 
disturbance of the virion. 

15 in accordance with the present invention there 

is also provided a protein which interferes with Vpr 
or Vpx incorporation into HIV-1 and/or HIV-2 virions 
and which comprises a sufficient number of amino acids 
of a Vpr protein fragment, a Vpx protein fragment, a 

20 p6 protein, p6 protein fragment, or its functional 
derivative thereof, wherein the protein interacts 
either with a Gag-precursor or with Vpr or Vpx protein 
to compete with the Vpr-Gag-precursor or Vpx-Gag- 
precursor interaction and consequently to interfere 

25 with the incorporation of the native Vpr or Vpx into 
the virions and to substantially prevent replication 
of the mature virion. 

In accordance with the present invention there 
is also provided a method of substantially reducing 

30 HIV expression or replication in a patient infected 
with HIV-1 and/or HIV-2, which comprises administering 
at least one therapeutic agent selected from the group 
consisting of the protein or DNA sequences encoding 
the protein of the present invention, to the patient 

35 in association with a pharmac utically acceptable 
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Pig. 10 shows the effect of VprlE (as show d in 
Fig. 9) expression on the growth rate and viability of 
Jurkat cells when challenged with HIV (pHxBRU or 
pHxBRU-R ATG" ) . ; 
5 Fig. 11 shows the effects of VprlE expression 

on HIV-1 replication, in stably transfected Jurkat 
cells; and 

Fig. 12 shows the infectivity potential of HIV 
virions harboring a Vpr-chimeric protein; and 
10 Fig. 13 shows an expression construct for the 

specific expression of a Vpr-based chimeric protein in 
HIV-infected cells. 



In accordance with the present invention, two 
different approaches using the Vpr/Vpx protein and p6 
protein are described herein for the treatment of HIV- 
1 and HIV- 2 infections. 

In the first approach, the region of Vpr/Vpx 
protein, which is involved in the protein interaction 
responsible for Vpr/Vpx virion-incorporation, is used 
as a carrier to target molecules to mature HIV-1 and 
HIV-2 virions. 

In the second approach, the region of Vpr/Vpx 
25 protein or alternatively the region of Gag -precursor, 
which are both involved in the protein interaction 
responsible for Vpr/Vpx virion-incorporation, is used 
to interfere with the native viral Vpr/Vpx protein 
incorporation . 

30 In general, the abbreviations used herein for 

designating the amino acids are based on 
recommendations of the IUPAC-IUB Commission on 
Biochemical Nomenclature (Biochemistry, 1972, 11:1726- 
1732). 
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reducing HIV xpr ssion in a patient infected with 
HIV-1 and/or HIV-2, which comprises a sufficient 
amount of the therapeutic agent of the present 
invention in association with a pharmaceutically 
5 acceptable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the HIV genetic organization, 
where the vpr gene is positioned in the central 
region; 

10 Fig. 2 shows the amino acid sequences of native 

Vpr protein from HIVLAI isolate and native Vpr and Vpx 
proteins from HIV2R0D isolate; 

Fig. 3 shows the mutagenesis chart of the vpr 
gene of HxBHIO or pHxBRU template of HIV-1; 

15 Figs. 4A to 4E show the analysis of Vpr present 

in lysates and supernatants of MT4 cells infected with 
HIV-1 containing various mutated or truncated vpr 
mutants ; 

Figs. 5A and 5B show the stability of the 
20 truncated or mutated Vpr protein in infected MT4 
cells ; 

Fig. 6 shows quantification of the 
incorporation of different mutated Vpr into HIV-1 
virions; 

Figs. 7A and 7B show the expression plasmids 
and the P6 construct plasmid expressing P6 mutant; 

Figs. 8A and 8B show the incorporation of Vpr 
into virions in the presence of different truncated or 
mutated Gag P6 protein; 

Fig. 9 shows the construction of a retroviral 
vector (pBaBepuro) for the expression of a chimeric 
protein between Vpr (from HIV-1 LAI strain) and a 
portion of a predetermin d protein (pBaB puro-VprX), 
such as HIV-1 Vpu protein (pBaBepuro-VprlE) or CAT 
(pBaBepuro-VprCAT) ; 



25 



30 



35 
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His Phe Pro Arg He Trp Leu His Gly Leu Gly Gin His He Tyr Glu 
35 40 45 

Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala He He Arg He Leu 
5 50 55 60 

Gin Gin Leu Leu Phe He His Phe Arg He Gly Cys Arg His Ser Arg 
65 70 75 80 

10 He Gly Val Thr Gin Gin Arg Arg Ala Arg Asn Gly Ala Ser Arg Ser 

85 90 95 

(SEQ ID NO:l); 

Met Ala Glu Ala Pro Thr Glu Leu Pro Pro Val Asp Gly Thr Pro Leu 
15 1 5 10 15 

Arg Glu Pro Gly Asp Glu Trp He He Glu He Leu Arg Glu He Lys 
20 25 30 

20 Glu Glu Ala Leu Lys His Phe Asp Pro Arg Leu Leu He Ala Leu Gly 
35 40 45 



25 



40 



Lys Tyr He Tyr Thr Arg His Gly Asp Thr Leu Glu Gly Ala Arg Glu 
50 55 60 

Leu He Lys Val Leu Gin Arg Ala Leu Phe Thr His Phe Arg Ala Gly 
65 70 75 80 



Cys Gly His Ser Arg He Gly Gin Thr Arg Gly Gly Asn Pro Leu Ser 
30 85 90 95 

Ala He Pro Thr Pro Arg Asn Met Gin 

100 105 (SEQ ID NO: 2); and 

35 Met Thr Asp Pro Arg Glu Thr Val Pro Pro Gly Asn Ser Gly Glu Glu 
15 10 15 



Thr He Gly Glu Ala Phe Ala Trp Leu Asn Arg Thr Val Glu Ala He 
20 25 30 

Asn Arg Glu Ala Val Asn His Leu Pro Arg Glu Leu He Phe Gin Val 
35 40 45 



Trp Gin Arg Ser Trp Arg Tyr Trp His Asp Glu Gin Gly Met Ser Glu 
45 50 55 60 

Ser Tyr Thr Lys Tyr Arg Tyr Leu Cys He He Gin Lys Ala Val Tyr 
65 70 75 B0 

50 Met His Val Arg Lys Gly Cys Thr Cys Leu Gly Arg Gly His Gly Pro 

85 90 95 

Gly Gly Trp Arg Pro Gly Pro Pro Pro Pro Pro Pro Pro Gly Leu Val 
100 105 110 

55 (SEQ ID N0:3); 

functional fragments or derivatives thereof, wherein 

the Vpr/Vpx protein, its fragments or derivatives 
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From the specification and appended claims, the 
term therapeutic agent should be taken in a broad 
sense so as to also include a combination of at least 
two such therapeutic agents • Further, the DNA 
5 segments or proteins according to the present 
invention can be introduced into individuals in a 
number of ways. For example, erythropoietic cells can 
be isolated from the afflicted individual, transformed 
with a DNA construct according to the invention and 
10 reintroduced to the afflicted individual in a number 
of ways, including intravenous injection. 
Alternatively, the DNA construct can be administered 
directly to the afflicted individual, for example, by 
injection in the bone marrow. The DNA construct can 
15 also be delivered through a vehicle such as a 
liposome, which can be designed to be targeted to a 
specific cell type, and engineered to be administered 
through different routes. 

In accordance with the first approach of the 
20 present invention, there is provided the use of the 

Vpr or Vpx protein, which Is referred to as the 

"Vpr/Vpx" protein, functional derivatives or fragments 
thereof for the targeting of molecules to the HIV-1 
and/or HIV-2 virions. The sequence responsible for 
25 such targeting is termed herein the Vpr/Vpx 
incorporation domain. 

The preferred Vpr/Vpx protein, which is used in 
accordance with the first approach of the present 
invention, contains a sufficient number of amino acids 
30 corresponding to at least one of the following amino 
acid sequences consisting of: 

Met Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro His Asn 
1 5 10 15 

35 Glu Trp Thr L u Glu Leu Leu Glu Glu Leu Lys Asn Glu Ala Val Arg 
20 25 30 
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int rfer with the native Vpr/Vpx incorporation into 
HIV-1 and/or HIV-2 virions. Again, the Vpr/Vpx 
protein fragments, p6 protein, p6 protein fragments, 
or functional derivatives thereof have retained their 
5 ability to interact with the native Vpr/Vpx or p6 
protein, respectively. The expression "functional 
derivatives" when used herein is intended to mean any 
substitutions, deletions and/or additions of amino 
acids that do not destroy the functionality of the 

10 Vpr/Vpx incorporation domain or the region of the p6 
protein which interacts therewith. 

The preferred Vpr/Vpx protein fragments which 
is used in accordance with the second approach of the 
present invention is a fragment of the following amino 

15 acid sequence consisting of: 

Met Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro His Asn 
15 10 15 

Glu Trp Thr Leu Glu Leu Leu Glu Glu Leu Lys Asn Glu -Ala Val Arg 
20 20 25 30 

His Phe Pro Arg lie Trp Leu His Gly Leu Gly Gin His lie Tyr Glu 

35 40 « 

25 Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala lie lie Arg lie Leu 
50 55 60 

Gin Gin Leu Leu Phe lie His Phe 

65 70 (SEQ ID NO: 4) 

30 wherein said fragment is a region of the Vpr/Vpx 

protein which binds to a Gag-precursor - 

The preferred p6 protein which is used in 

accordance with the second approach of the present 

invention contains a sufficient number of amino acids 
35 corresponding to the following amino acid sequences 

consisting of: 

Leu Gin Arg Ser Pro Glu Pro Thr Ala Pro Pro Glu Glu Ser Phe Arg 
15 10 15 

40 Ser Gly Val Glu Thr Thr Thr Pro Pro Gin Lys Gin Glu Pro lie Asp 
20 25 30 
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thereof have retained the virion-incorporation 

function of the native Vpr/Vpx protein. 

The expression "functional fragments or 

derivatives" when used herein is intended to mean any 
5 substitutions, deletions and/or additions of amino 

acids that do not affect the vir ion-incorporation 

function of the Vpr native protein. 

In accordance with the first approach of the 

present invention, a preferred Vpr/Vpx chimeric 
10 protein comprises an amino acid sequence of a Vpr/Vpx 

protein or a functional derivative thereof and a 

molecule attached to the amino acid sequence. Said 

molecule may be covalently attached at the N- or C- 

terminal of the amino acid sequence or it may be 
15 attached to the amino acid sequence at any amino acid 

position by chemical cross-linking or by genetic 

fusion. 

A preferred molecule used in accordance with 
the present invention may be selected from the group 

20 consisting of an anti-viral agent and/or a second 
amino acid sequence which contains a sufficient number 
of amino acids corresponding to RWases, proteases, or 
any protein capable of creating steric hindrance 
during virion morphogenesis and/or affecting viral 

25 protein interactions responsible for infectivity 
and/ or viral replication. 

The Vpr/Vpx chimeric protein in accordance with 
the first approach of the present invention may be 
used for the targeting of molecules into the mature 

30 virions of HIV-1 and/or HIV-2, such as polypeptides, 
proteins and anti-viral agents, among others. 

In accordance with the second approach of the 
present invention, there is provided the use of 
Vpr/Vpx protein fragments, p6 protein, p6 protein 

35 fragment, or functional derivatives thereof which 
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®5E¥=1 vpr &gs©@eiat©fi with ssri^al ga^tiel®© 

The substitution mutations and deletions of vpr 
were generated by site-directed mutagenesis. Wildtype 
5 vpr sequence and location of predicted alpha-helix 
structures are indicated at the top of Fig. 3. 
Oligonucleotide-directed mutagenesis of the vpr gene 
was carried out on DNA fragments derived from the 
pHxBRU template (Fig. 3) and then cloned into an 

10 infectious provirus (pHxBRU) (Lavallee et al., 1994, 
J. Virol., M : 1926-1934) . Amino acid substitutions 
are indicated. BRUR 77/79, BRUR 76/79 and HxBHIO 
72/78 (Yao et al. f 1992, J. Virol. 66:5119-5126) are 
truncated vpr proteins with additional unrelated amino 

15 acids generated by frame shift mutations. 

Figs- 4A-4E are autoradiograms that illustrate 
the analysis of truncated or substituted Vpr mutants 
in HIV-1 infected MT4 cells. 2xl0 6 T-lymphoid cells 
(MT4) were infected (or transfected, Figs. 4D & 4E) 

20 with HIV-1 which contain wildtype or truncated Vpr 

(Fia. 3), as shown at the top of the autoradiogxams-*- 

The position of HIV-1 viral proteins are indicated at 
the left of the autoradiograms (Vpr). At 40 h post- 
transfection, cells were labelled with 100 \xCi of 35 S- 

25 methionine and 100 ^Ci of 3 H-leucine for 16 h. 
Virions were pelleted from cell-free supernatants by 
ultracentrifugation at 35,000 rpm through a 20% 
sucrose cushion for 2 h. Both cells (Figs. 4A, 4C 
[left] & 4D) and sucrose cushion pelleted viruses 

30 (Figs. 4B, 4C[right] a 4E ) were lyzed in RIPA buffer 
(140 mM NaCI, 8 mM NaHPO^ 2 mM NaH2P(>4, 1% Nonidet 1 * 
P-40, 0.5% sodium deoxycholate, 0.05% SDS) and immuno- 
precipitated with a HIV-1 positive human serum 
combined with a rabbit anti-Vpr serum. Proteins were 

35 then analyzed on a sodium dodecyl sulfate (SDS) 12.5%- 
17% gradient polyacrylamide gel electrophoresis (PAGE) 
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Lys Glu Leu Tyr Pro Leu Thr Ser Leu Arg Ser Leu Phe Gly Asn Asp 
35 40 45 

Pro Ser Ser Gin 

5 50 (SEQ ID N0:5). 

The Vpr/Vpx fragment, p6 protein and p6 protein 
fragment in accordance with the second approach of the 
present invention may be used for interfering with the 
virion-incorporation of native Vpr/Vpx into HIV-1 
10 and/or HIV- 2 virions • 

The purpose of the treatment in accordance with 
the first and second approaches of the present 
invention may be a prevention or a treatment. The 
product in these treatment procedures may be expressed 
15 intracellularly or provided to the cell via the blood 
stream. 

In accordance with the first approach of the 
present invention, the expressed or administered 
product may be effective in the production of 

20 defective viral particles, for instance, viral 
particles with Vpr/Vpx chimeric proteins such as the 
ones associated with virally directed protease or 
nuclease or with a portion of protein which affects 
the structural organisation and/or functional 

25 integrity of the virions. 

The treatment in accordance with the second 
approach of the present invention may consists in the 
production of viral particles having substantially 
reduced replication capacity, for instance, HIV-1 and 

30 HIV-2 viral particles devoided of functional level of 
Vpr/Vpx protein as a consequence of Vpr-Gag-precursor 
or Vpx-Gag-precursor interaction interference using 
Vpr/Vpx protein fragments, p6 protein and p6 protein 
fragments - 

35 
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To investigate the mechanism of incorporation 
of Vpr, the ability of Gag-expressor plasmids, 
harboring deletions or mutations in the C-terminus of 
5 the caps id precursor, to target Vpr into virions in 
transiently transfected cells was tested. In this 
system two expressor plasmids described in Fig. 7A 
were cotransfected into COS-7 cells (Lavallee et al., 
1994, J.Virol., 68-1926-1934; Fig. 7A) . Deletions are 

10 shown as dotted lines between the thick lines. ptrENV 
contains 3109 (nucleotides 989 to 4098) and 1294 
(nucleotides 5925 to 7219) base pair deletions 
affecting respectively gag, pol and the gpl20 domain 
of env genes, ptrENV encodes Vpr as well as all HIV-1 

15 auxilliary proteins (Vif, Tat, Rev, Vpu Nef and gp41). 
The pIIIgagCAR plasmid, a rev-dependent Gag expressor, 
which encodes Pr559 a s and the protease domain of the 
pol gene (PR), contains the Rev-responsive element 
(RRE/CAR) sequence. P6 is the C-terminal components 

20 of the Pr559 a 9 precursor (Fig. 7A). Fig. 7B 

illustrates the P6 constructs. Plasmids expressing P6 

mutant were generated by introducing a termination 
codon or a substitution by polymerase chain reaction 
(PCR) -based site-directed mutagenesis in pIIIgagCAR 

25 plasmid. 

Figs. 8A & 8B illustrate the trans incorpo- 
ration of Vpr into virus-like particles. COS-7 cells 
were transfected with pIIIgagCAR plasmid (lane 1), or 
ptrENV plasmid (lane 2) or cotransfected with both 

30 constructs (lane 3). ptrENV was cotransfected with 
pIIIgagCAR based construct harboring a substitution or 
a premature termination codon in the p6 protein: 
Ll/stop (lane 4), S17/stop (lane 5), Y36/stop (lane 
6), P10,11L (lane 7), L44/stop (lan 8), P49/stop 

35 (lane 9). 48 h posttransf ction [ 35 S)methionine- and 
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and autoradiography. Quantification of virion asso- 
ciated Vpr and protein stability was determined by 
densitometric scanning of the autoradiograms using a 
laser densitometer (Molecular Dynamics™ densitometer). 
5 Fig. 5 shows the stability of different 

truncated (Fig. 5B) or substituted (Fig. 5A) Vpr 
mutants in HIV-1 infected cell lysates. The intensity 
of wildtype or mutated Vpr proteins were quantified 
relative to the intensity of the p66 reverse 

10 transcriptase (RT) bands. Immunoprecipitation 
analysis has shown that all truncated Vpr proteins 
were present at low level in cell lysates suggesting 
the importance of the C-terminal region for Vpr 
stability (Figs. 4A and 5B). 

15 pig. 6 shows the efficiency of incorporation of 

different mutated Vpr into HIV-1 virions. The 
incorporation of mutated Vpr into virions was also 
evaluated by densitometric analysis. The intensity of 
Vpr proteins into virions were quantified relative to 

20 the intensity of the p66 reverse transcriptase (RT) 
bands in autoradiograms presented in Figs. 4C and 4E. 



The results of the present invention demonstrate that 
substitution mutations (A30F, H331 and E25K) in the N- 
terminal portion of Vpr significantly impair the 

25 incorporation of Vpr protein into virions (Figs. 4C, 
4E a 6). It should be noted that this region of the 
protein is predicted to form an alpha helix and thus 
is reminiscent of a structure involved in protein- 
protein interaction. Interestingly, an alpha helix is 

30 also predicted from the corresponding region of Vpx. 
These data indicate that the N-terminus of Vpr is 
important for Vpr incorporation in the virion. This 
r gion will b further defined by analyzing additional 
Vpr mutants for their stability and virion- 

35 incorporation capacity. 
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Prokaryotic expression are useful for the 
preparation of large quantities of the protein encoded 
by the DNA sequence of interest. This protein can be 
purified according to standard protocols that take 
5 advantage of the intrinsic properties thereof/ such as 
size and charge (i.e. SDS gel electrophoresis, gel 
filtration, centrifugation, ion exchange 

chromatography. ..) . In addition, the protein of 
interest can be purified via affinity chromatography 

10 using -polyclonal or monoclonal antibodies. The 
purified protein can be used for therapeutic 
applications. 

For administration to humans, the prescribing 
medical professional will ultimately determine the 

15 appropriate dosage for a given patient, and this can 
be expected to vary according to the chosen 
therapeutic regimen (i.e DNA construct, protein, 
cells), the response and condition of the patient as 
well as the severity of the disease. 

20 The present invention will be more readily un- 

derstood toy referring to the following examples which 

are given to illustrate the invention rather than to 
limit its scope. 

25 TOMgftB X 

Incorporation of & speeif £c ©pitop© into retroviral 
partielss £r©sa a olonofi provirus (c±s 

incorporation} 

30 

The ability of a foreign antigen to be 
incorporated when expressed in cis (with respect to 
the viral genome) into viral particles when fused to 
Vpr protein was examined. Trans-incorporation (trans 
35 with respect to the viral genome) of Vpr chimeric 
proteins into Vpr-virion in MT4 cells presents 
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[^Blleucine-labelled viral proteins were immuno- 
precipitated, from the cell lysates (Fig. 8A) or the 
cell-free supernatant (Pig- 8B) centrifuged through a 
20% sucrose cushion, with the HIV-1 positive human 
5 serum 162 mixed with a rabbit anti-Vpr polyclonal 
antibodies and analysed by SDS-PAGE and 
autoradiography « 

The 14kDa vpr product can be detected in the 
pelleted virions produced by cells cotransfected with 

10 pXIIgagCAR and ptrENV or the P49/stop or P10,11L 
mutants (Fig. 8B, lanes 3, 9 and 7, respectively). 
However, virions produced from cells cotransfected in 
the presence of ptrENV and Ll/stop, S17/stop, Y36/stop 
or L44/stop constructs lacked detectable Vpr (Fig. 8B, 

15 lanes 4, 5, 6 and 8, respectively). These results 
indicate a direct correlation between the absence of 
p6 and the loss of Vpr incorporation, suggesting that 
p6 is directly implicated. Moreover, deletion 

analysis suggests that the carboxyl terminal of p6 is 

20 important for Vpr incorporation. It has already been 
mentioned that Vpr and Vpx share strong regions of 
homology. Strikingly, the region of highest homology 
is found in the region of Vpr which has been shown to 
interact with p55Gag. This region which is predicted 

25 to form an alpha helical structure is thought to be 
the packaging region of Vpr /Vpx. 

Once known, these incorporation domains can be 
used in a variety of ways. For example, fusion 
proteins thereof can be inserted in expression vectors 

30 according to standard procedures. Such vectors 
contain all the necessary regulatory signals to 
promote expression of the fusion protein of interest. 
Typically, expr ssion vectors are prokaryote specific 
or eukaryot specific although shuttle vectors ar 

35 also widely available. 
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Vpr) antisera are able to immunoprecipitate the chi- 
meric product from the virions. These data indicate 
that the Vpu epitope was successfully transferred into 
virions when expressed as a Vpr fusion product. 

5 

BXAMPM I* 

Expression of Vpr chimeras in trans from retroviral 

vectors 

10 Since one purpose of the present invention is 

to provide a therapeutic and/or prophylactic agent for 
HIV infections, an in vitro model was developed in 
order to express a vpr/vpx-chimeric protein in trans 
with respect to the viral genome. The ability of a 

15 foreign antigen to be incorporated in trans into viral 
particles was examined then with this in vitro model. 

A-Construction of retroviral vectors encoding Vpr 
fusion proteins 

20 Chimeric molecules were developed by fusion of 

Vpr sequences with either sequences encoding different 
enzymatic activities or random amino acid sequences of 
different lengths. In addition to the already 
described Vpr IE (Fig. 9), Vpr was fused to the 

25 prokaryotic gene chloramphenicol acetyl-transferase 
( CAT ) , to generate VprCAT ( Fig . 9 ) . To generate 
stable CD4 + T cell lines expressing constitutively 
Vpr-based chimeric proteins, retroviral vector 
technology was used. Since an important feature in 

30 any gene therapy approach is the method by which 
foreign DNA is introduced into cells, the method used 
to transduce a desired gene inside the cells must be 
accurately chosen. Retroviral vectors are preferred 
vectors for gene transfer of mammalian cells in 

35 culture, because they lead to high efficiency 
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limitations due to the low transfection efficiency- 
obtained when two expression vectors are transfected 
in T cell lines- To overcome these limitations, a 
construct expressing a Vpr chimeric protein was 
5 designed. A Vpr-Vpu fusion protein was cloned into a 
Vpu-minus HIV-1 provirus plasmid (pHxBRU; Lavallee et 
al., 1994, J. Virol., 68=1926-1934), the fusion pro- 
tein (VprlE) contains the first 88 amino acids of Vpr 
from the LAI strain and a Vpu epitope (Fig. 9). The 

10 last 18" C-terminal amino acids of Vpu which contains a 
specific epitope (Cohen et al., 1988, Nature, 3^4:532- 
534) has been cloned into a Xbal-created restriction 
site located at the 3' end of the Vpr sequence, at 
position 5410 on the pHxBRU genome to yield pHxBRU- 

15 Vpr IE. The Vpu epitope is recognized by the specific 
Rabbit anti-Vpu peptide serum described by (Cohen et 
al., 1988, Hature, 334=532-534). The pHxBRU-VprlE 
construct was transfected in MT4 cells and the 
incorporation of the Vpr-Vpu fusion protein into 

20 virions was measured. 

Two million MT4 cells were transfected with the 
pHxBRU VprlE provirus. 48 h post-transf ection, cells 
were labelled with 100 \xCi of 35g-raethionine and 100 
jiCi of leucine for 16 h. Virions were pelleted 

25 from the cell-free supernatants by ultracentrif ugation 
at 35,000 rpm through a 20% sucrose cushion for 2 h. 
Both cells and sucrose cushion pelleted viruses were 
lyzed in RIPA buffer (140 mM NaCl, 8 mM NaHP04, 2 raM 
NaH2?04, 1% Nonidet™ P-40, 0.5% sodium deoxycholate, 

30 0.05% SDS) and immunoprecipitated with a HIV-1 posi- 
tive human serum combined with a rabbit anti-Vpr serum 
or with a rabbit anti-Vpu serum. Analysis of vpr 
products in the cell lysates and supernatants has 
reveal d that 1) Vpr-Vpu chim ras are stably expressed 

35 in transfected cells and 2) both Vpu (aVpu) and Vpr (a 
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VprX, cells were seeded in 100-mm petris dishes for 48 
hours- Vpr-X indicates VprXE, VprCAT or any Vpr (or 
Vpx) chimeric protein. The medium was then removed 
and replaced by 4 ml of fresh medium. 16 hours later 
5 the medium containing a high level of retroviruses was 
harvested and used to infect 3 x 10 6 of centrifuged 
Jurkat cells. After 48 hours, the transduced Jurkat 
cells were cultured in fresh medium containing 0,2 
ug/ml puromycin for 3 weeks . Jurkat-VprCAT and Jurkat- 
10 VprlE resistant cell lines were then isolated and 
amplified. 

C° isssprsssioa ©f Wps-3b©s©fi G&imasic psotoia© la 
Jusdsafc-^p^X cell lla®s- 

15 In the stable Jurkat cell line described in (B), 

the fusion protein derived from pBaBepuro-VprX are 
driven by the 5 f MoMuLV LTR and are expected to be 
constitutively expressed. To evaluate the expression 
of the chimeric proteins and to demonstrate that large 

20 molecules and functional enzymatic activities can be 
efficiently transferred to the virion, the CAT 
activity associated with the virions generated in 
transduced Jurkat cells was measured. The rapid, 
sensitive, quantifyable and reproducible assays have 

25 been extensively described to measure the activity of 
CAT (European Patent Application published under No. 
474,797 on March 18, 1992 in the name of DANA FARBER 
CANCER INSTITUTE) 

Briefly, 3 x 10 6 Jurkat-VprCAT cells were 

30 infected with equivalent amounts of HIV-1 Vpr+ or Vpr- 
virus (pHxBRU and pHxBRU-RATG", respectively), as 
evaluated by reverse transcriptase (RT) activity 
associated with the HIV-1 Vpr+ or Vpr- viral stocks 
(100 000 CPM), in 1 ml of culture medium for 3 hours 

35 and then diluted in 6 ml of medium (Aldovini t al., 
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transformation of mammalian cells through stable 
integration of proviral DNA into transcriptionally 
active regions of cellular genome. These vectors 
contain cis-acting elements [long terminal repeats 
5 (LTR), primer binding site (PBS), packaging signal 
(psi), and polyuridine track], required for viral 
replication, integration, gene expression and 
packaging as well as a selectable marker. The 
transacting proteins (Gag, Pol and Env), required for 
10 viral assembly, infection, replication and integration 
are provided by helper plasmid(s) present in packaging 
cell lines and are expressed from an RNA lacking a psi 
signal. 

The complete Vpr-CAT and Vpr-IE gene were 
15 amplified by PCR with mutagenic BamHI oligonucleotides 
and inserted into the unique BamHI restriction site of 
the retroviral vector pBaBepuro, which contains a 
puromycin resistant gene (Pig 9; Morgenstern et al., 
1990, Hud. Acids Res. 1£: 3587-96). pBaBepuro-VprCAT 
20 and pBaBepuro-VprlE were then transfected into the 
amphotropic Damp packaging cell line. After selection 
with puromycin, Damp cell lines (Damp-Vpr-CAT and 
Damp- Vpr-IE) able to produce recombinant retroviruses 
(Morgan et al., 1993, Annu. Rev. Biochem. £2: 191-217) 
25 were generated. 

3-G®sa®£ati@ia ©f Jm^kat e©<3* ^ coll lisaos ©ssp^ossiag 
constltratiwaly fch© VprC&2 aad WpzlE proteins 

The amphotropic murine retroviruses encoding 

30 pBaBepuro-VprCAT or pBaBepuro-VprlE (Fig. 9), produced 
respectively from Damp-VprCAT and Damp-VprlE, were 
used to transduce CD4 + Jurkat cells (CD4+ T cell lines 
highly permissive to HIV inf ction). Following 
puromycin selection Jurkat-VprCAT and Jurkat-VprlE 

35 cell lines were isolated. Briefly, 1,2 x 10 6 Damp- 
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Vpr+ strain (pHxBRU) suggests a competition for virion 
incorporation between the wild type Vpr and the VprCAT 
chimeric protein. 

These data indicate that the Vpr fusion protein 
5 can be successfully expressed in transduced cells and 
transferred into virions when expressed in trans from 
a CD4 + T cell line. In addition the data demonstrate 
that enzymatic activity associated with the chimeric 
protein can be targeted into HIV virions. Thus, as 
10 shown previously for the Vpr/Vpx chimera expressed 
from a recombinant HIV provirus, the VprCAT chimera 
can be incorporated in trans in HIV virions when 
expressed from a stable cell line. 

is wmwm exe 

VJprHb&®©& chimeric jprotoia© and protection ag&iasfc ETW 

The in vitro model described above, which 
20 expresses constitutively Vpr chimeras, was used to 
test the antiviral activity of these fusion proteins 
on viral replication. 

25 ypz ©Ms&5?i@ jp5?@t©iEi® 

To demonstrate that foreign molecules and 
functional enzymatic activities can be expressed in 
CD4 + Jurkat cell lines without affecting cell 
physiology, cell growth in non-infected Jurkat-VprX 

30 cell lines was analyzed. During 5 weeks, growth was 
monitored by assessing cell viability using the Trypan 
Blue exclusion method < every three days ; Aldovini et 
al., Eds, 1990, Techniques in HIV research, Stockton 
Press). All the Jurkat-VprX cell lines were shown to 

35 grow at a rate similar to the parental Jurkat cell 
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Eds, 1990, Techniques in HIV research, Stockton 
Press). pHxBRU-RATG" was generated by introducing a 
GTG codon instead of the ATG initiation codon in the 
Vpr gene from the pHxBRU proviral clone (Lavallee et 
5 al., 1994, J. Virol., 1926-1934 ) . Following viral 
adsorption, cells were passed every three days. After 
20 days, during the peak of viral production , 
supernatants containing the virus were collected. 
Virions were then purified by ultracentrif ugation 

10 through a 20% sucrose cushion (Lavallee et al., 1994, 
J. Virol., 68:1926-1934). The pelleted virus were 
resuspended in 80 ul of Tris-HCl 250 raM and lysed by 
freeze and thaw. 70 ul of the lysed virus was then 
assayed for CAT activity. Table 1 shows the CAT 

15 activity associated with the HIV-1 virions produced in 
the Jurkat VprCAT transduced cells- 

TABLE 1 

CAT activity a@@ociat@d to virions produced in a 

20 Jurkat-VpgC&T transduced coll line 





CAT Activity 




% Acetylation 


Mock 


0,29 


Jur kat-Vpr CAT /pHxBRU 


1,44 


Jurkat-VprCAT/pHxBRU-R ATG" 


5,09 



Detection of CAT activity in the virions thus revealed 
that 1) the VprCAT chimera is constitutively expressed 
25 in transduced Jurkat cells, 2) the fusion protein is 
incorporated into viral particles following infection 
and 3) the lower CAT activity detected in virus 
produced from transduced cells infected with the HIV-1 
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infection when challenged with the HIV-1 vpr" strains. 
In contrast the parental Jurkat cell line exhibited 
full viral production 15 days post infection when 
challenged with either the Vpr* or Vpr" viruses- In 
5 addition, viable cell counts demonstrated that Jurkat- 
VprlE cells had survived HIV-1 infection even after 27 
days. Indeed, as previously mentioned the rate of 
cellular growth was identical to the uninfected 
parental Jurkat cell control (figure 10). In 

10 contrast, the infected parental cell culture was 
completely killed by day 22. (Aldovini et al., Eds, 
1990, Techniques in HIV research, Stockton Press). 

The data obtained demonstrate that 1) the VprlE 
fusion protein when provided in trans in Jurkat cells 

15 can efficiently delay HIV-1 replication and cytopathic 
effect such as syncytium formation; and 2) the VprlE 
chimeric protein was successfully able to protect 
Jurkat cells from HIV-1 infection for more than 25 
days post-infection while allowing normal cell growth. 

20 . 

IF Xlisosp^ ©f VJpg-e&iswasAc pi@fc5±ia Into HXW 
vision* &£2<&@t@ visal isa2®@feivifey 

The assembly and maturation of HIV-1 viral 
particles is a complex process which involves multiple 

25 interactions between viral and cellular constituants. 
The presence of non-relevant amino acid sequence fused 
to Vpr during assembly and budding may, due to steric 
hindrance, affect viral morphogenesis and maturation, 
thereby resulting in the production of virus with 

30 drastically reduced infectious potential. Indeed, as 
shown above the introduction of 18 amino acids derived 
from HIV-1 Vpu at the C-terminal end of Vpr reduced 
considerably the replication and spread of HIV in 
tissue culture. Similar results w re also obtained 

35 when a larger amino-acid sequence encoding CAT was 
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line (mock-Jurkat TA) , as videnced in Fig 10, by th 
virtual super-imposition of the growth rate curves of 
the parental Jurkat cell line, mock infected, and that 
of Jurkat-Vpr-IE/pHxBRU-R ATG". 
5 The ability of Vpr fusion proteins to protect 

CD4 + T cell lines against HIV infection was then 
evaluated «, The Jurkat -Vpr IE and Jurkat -VprCAT cell 
lines were challenged with HIV vpr + and HIV vpr" 
viruses (pHxBRU and pHxBRU-R ATG~, respectively) to 

10 assess their susceptibility to viral infection. The 
infection kinetic was monitored by measuring viral 
production (RT activity in the supernatant) and the 
presence of cytopathic effects (syncytium formation 
and viable cell counts) every three days during four 

15 weeks (Aldovini et al„, Eds, 1990, Techniques in HIV 
research, Stockton Press). Briefly, 3 X 10 6 cells of 
each Jurkat cell lines were infected with a 100 000 
CPM RT activity-associated viral stock in 1 ml of 
medium for 3 fars and then diluted in 6 ml with culture 

20 medium. Every 3 days during one month, RT activities 
were measured from supernatant aliguots and the number 
of cells in the cultures was determined by counting, 
from aliquot therefrom, the number of cells able to 
exclude trypan blue dye. The cell cultures were 

25 diluted to approximately 500,000 cells per ml and 200 
ul of supernatant were harvested for R.T. activity 
detection (Aldovini et al., Eds, 1990, Techniques in 
HIV research, Stockton Press). The data indicate that 
all CD4 + T cell lines expressing Vpr chimeric proteins 

30 exhibited, albeit to a different extent, a non 
permissiveness to HIV infection as compared to the 
highly HIV permissive parental cells (mock-Jurkat TA) . 
Figure 11 shows that the Jurkat-VprlE exhibited a peak 
viral production 21 days post-infection when 

35 challenged with the HIV-1 vpr + virus and 27 days post 
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fold decrease in viral infectivity can be raeasur d in 
viruses that incorporated Vpr-chimeric proteins as 
compared to wild-type virus . 

5 mtMfffcB XV 

Use of Vbr-proteaee chimeric proteins aga inst HIV 

The examples described above demonstrated that 
10 Vpr chimeric proteins are targeted into HIV virions 
and affect the structural organization and/or 
functional integrity of the virions. 

The following example will illustrate the use of 
a Vpr-anti viral chimera, such as a Vpr-protease 
15 chimera for protecting the cells, in which it is 
expressed, against HIV infection. Indeed, degradation 
of the protein content in the virions will lead to 
completely defective viral particles even though small 
level of Vpr-protease chimeric molecules are 
2 0 incorporated . 



A-Construction of Vpr-based chimeric molecules in 
which the Vpr incorporation domain is fused to peptide 
sequences exhibiting potential antiviral properties 

25 Virus-encoded RNA and proteins represent the 

major components of viral particles. A preferred 
strategy according to the present invention takes 
advantage of the experiments that had indicated that 
functional enzymatic activity can be targeted to the 

30 virion as Vpr-based chimeric molecules* Using a 
similar approach, a sequence encoding a proteolytic 
activity can be fused to the Vpr C-terminus. It is 
believed that the presence of such an activity in th 
virion will 1 ad to the destruction and/or formation 

35 of defective viral particles. Proteases are enzymes 
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fused to Vpr and similar r suits are expect d using a 
Vpx-Vpu fusion or Vpx-X fusion. 

To evaluate the infectivity potential of HIV 
virions that had incorporated the Vpr-CAT or Vpr-IE 
5 fusion proteins, Jurkat -VprCAT and Jurkat-VprlE cells 
were transfected with HIV-1 vpr + or HIV-1 vpr" 
viruses. Briefly, 10 x 10 6 Jurkat or Jurkat-VprX 
cells were transfected by the DEAE-Dextran method with 
lOug of HIV-1 vpr + (pHxBRU) or HIV-1 vpr" (pHxBRU-R 

10 ATG") infectious molecular clones. After 12 and 24 
hr, p24 assay (ELISA) was performed on culture 
supernatants to evaluate viral production. The level 
of p24 antigen was similar in all samples indicating 
that no impairment at the level of gene expression, 

15 assembly and release of the viral particles had 
occurred. These results indicated that the 

infectivity potential of the released particles that 
incorporated Vpr-based chimeric molecules may be 
affected- To evaluate the infectious potential of HIV 

20 virions containing Vpr chimeric proteins, a MAGGI 
assay was performed (Kimpton et al., 1992, J. Virol. 
66 : 2232-39). Briefly, 35,000 HeLa CD4 + B-gal cells 
were seeded in 24 plates and infected 24 hr later with 
300,000 CPM (by RT) of HIV-1, produced from Jurkat or 

25 Jurkat-VprX cells infected with HIV-1 vpr + or vpr" 
strains, respectively. 24 hours post-infection B- 
galactosidase (B-gal) activity expressed in infected 
cells was measured. The level of B-gal activity 
following infection represents a measure of the 

30 infectivity of the virus. Figure 12 shows that HIV-1 
containing Vpr chimeric proteins are strongly impaired 
in their ability to infect CD4 + cells. Overall 
the data indicates that 1) gene expression, assembly 
and release are not affect d by the expression of Vpr- 

35 chimeric proteins in infected cells; and 2) a 5 to 10- 
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formation of inactive enzymatic products during 
intracellular biosynthesis. However, as one goal is 
the destruction or impairment of infectious viral 
particles, the constructs preferably contains a 
5 regulatory mechanism that can specifically activate 
the enzymatic activity of the protease in the virions. 
The HIV-1 Gag precursor proteolytic processing sites 
are cleaved specifically and sequentially by the viral 
protease during virion budding and maturation. When 

10 full-length Gag proteins are digested with recombinant 
HIV-1 protease in vitro, four of the five major 
processing sites in Gag are cleaved at rates that 
differ by as much as 400-fold. Preferably, it will 
introduce an HIV-1 specific protease cleavage site 

15 sequence, corresponding by example to the pl7/p24 
processing site (Myers et al., 1993, Human 
Retroviruses and AIDS 1993 I-II, Los Alamos National 
Laboratory, New Mexico, USA)), between the Vpr virion 
incorporation domain and the protease sequences 

20 (Figure 13). Based on the hydrophobic/hydrophilic 
property and enzymatic cleavage kinetic (Vmax, Ki) of 
the pl7/p24 processing site (intermediate rate of 
cleavage), this sequence is predicted: i) to be 
located at the surface of the fusion proteins; and ii) 

25 to be digested only within the virions since only 
there substrate will reach concentrations necessary 
for efficient proteolysis. During budding and 

maturation, cleavage of Vpr-protease chimeric protein 
by the HIV-1 protease will activate the prokaryotic 

30 enzymatic activity in the virions- It should be 
understood that other types of linkers between the 
Vpr/Vpx sequence and the chosen antiviral sequence are 
well known and available to the skill d artisan. The 
presence of such non-specific protease activity in the 
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that catalyze the cleavage of peptide bonds of protein 
substrates. Many eukaryotic and prokaryotic proteases 
have been extensively studied and are commercially 
available as reagents for molecular biology. The 
5 selection of appropriate proteases for Vpr-based gene 
therapy will be preferentially based on the following 
characteristics: i) the candidate protease has a large 
spectrum endopeptidase activity; ii) the protease 
should be functional in the physiological conditions 

10 found in the virion; and iii) its molecular weight 
should not interfere with virion packaging. 

Uncontrolled proteolytic activity can destroy the 
protein component of cells and tissues. One 
naturally-occurring mechanism for controlling protease 

15 activity during biosynthesis is the presence of an 
amino-terminal extension fused to the enzyme. 
Proteolytic cleavage of the peptide bond between the 
so-called propeptide and the enzyme essentially 
reverses this evolutionary addition and restores 

20 enzymatic activity. It is thus a preferred embodiment 
of the present invention to use the Vpr/Vpx virion 
incorporation domain as a propeptide and fuse it to 
the active proteolytic domain of protease. One 
candidate protease that is considered for fusion to 

25 the Vpr/Vpx sequence is a prokaryotic protease such as 
the calcium-dependent protease of the cyanobacterium 
Anabaena, or a eukaryotic protease such as the 
alkaline exoprotease (ALP) of Aspergillus fumigatus 
and Cathepsin G. The advantage of prokaryotic 

30 proteases over eukaryotic proteases is that they do 
not require to go through an intracellular pathway for 
maturation and proper folding. 

The presence of an amino terminal Vpr sequence 
(or Vpx sequence) in Vpr-protease fusion products (or 

35 its Vpx counterpart) can be designed to lead to the 
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to deliver and stably integrate therap utic gen s into 
human cells (Morgan et al., 1993, Annu. Rev. Biochem. 
62 : 191-217). In a preferred embodiment of the 
present invention, the gene transfer experiments are 
5 carried out by cloning the Tat-inducible minigene 
encoding the Vpr-based chimeric protein (Figure 13) 
into an appropriate Mo-MuLV-derived retroviral vector. 
A number of these retroviral vectors are readily 
available and well known in the field of molecular 

10 biology and gene therapy. As a control, a retroviral 
vector containing a fraraeshift mutation in the Vpr 
virion incorporation domain can also be generated. 
According to the well known methods of gene therapy, 
to produce amphotropic pseudotyped vector particles, 

15 the retroviral vector is transfected into the psi CRIP 
amphotropic packaging cell line to generate retroviral 
vector producer cell lines. Amphotropic pseudotyped 
retroviral vector particles capable of infecting human 
cells, can then be tested for: i) their titer using 

20 NIH-3T3 and human CD4 + lymphocyte-derived CEM-10 
tadhererfn cell Tines; ii) lack of recombinant virus 
via southern blot analysis; and iii) lack of helper 
virus production via infection of a mouse cell line. 
The Vpr-protease chimera will be tested in CD4 + T cell 

25 lines or CD4 + peripheral blood lymphocytes (PBL) to 
evaluate the ability of the fusion protein to protect 
the cells against HIV infection. 

While the invention has been described in con- 
nection with specific embodiments thereof, it will be 

30 understood that it is capable of further modifications 
and this application is intended to cover any varia- 
tions, uses, or adaptations of the invention follow- 
ing, in general, the principl s of the invention and 
including such departures from the present disclosure 

35 as come within known or customary practice within the 



SUBSTITUTE SHEET (RULE 2§| 



W(D> 96/077411 




PCT/CA9»TOS10 



virion is predicted to lead to the destruction and/or 
generation of defective viral particles. 

H-SibmefctiascB th® i°a±E&i§i©&© <aae®<&iEH§[ 

During gene therapy, Vpr/Vpx-chimeric proteins 
can be expressed in trans from a foreign gene 
integrated in the cell genome. In addition, 

expression of the Vpr-chimeric proteins will be 

10 preferentially restricted to HIV-1 infected cells 
since: i) long term expression of Vpr/Vpx-chimeras 
could lead to cellular toxicity; and ii) existing 
cell-mediated immunity (in patients) could lead to the 
death of all transformed cells expressing the anti- 

15 HIV-1 protein, although not infected by HIV-1 . 

Selected fusion proteins are preferentially 
cloned 3 ' to a constitutive or inducible promoter . 
The cytomegalovirus (CMV) early gene promoter which is 
an example of a powerful constitutive promoter. 

20 Numerous types of promoters could also be used. To 
ensure a specific control of the transgene expression, 
the CMV promoter is prefentially fused to the 
transactivator (Tat) responsive element (TAR) , which 
in response to HIV-1 Tat binding, mediates an increase 

25 of transcription initiation and facilitates mRHA 
elongation (Fig. 13). Thus full expression of the 
transgene can be restricted to cells expressing Tat, 
such as in HIV-1 infected cells. 

30 e-Co&struetion of ^©tsro^i^al vecte^s tbat ©ssps^s a 

An important feature in any gene therapy approach 
is the method by which foreign DNA is introduced into 
cells. Safe replication-defective retroviral vectors 
35 have air ady been used in experimental clinical trials 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION : 

(i) APPLICANT: 

(A) NAME: Universite de Montreal 

(B) STREET: 2900 Edouard- Mont petit 

(C) CITY: Montreal 

(D) STATE: Quebec 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : H3T 1J4 

(G) TELEPHONE: 514 343 2307 

(H) TELEFAX: 514 343 2326 

(ii) TITLE OF INVENTION: PROTEIN TARGETING INTO HIV VIRIONS BASED 

ON 

HIV-1 VPR FUSION MOLECULES 



(iii) NUMBER OF SEQUENCES: 5 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.30 (EPO) 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/301,915 

(B) FILING DATE: 07-SEP-1994 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 96 amino acids 

(B) TYPE: amino acid 
(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Met Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro His Asn 
15 10 15 

Glu Trp Thr Leu Glu Leu Leu Glu Glu Leu Lys Asn Glu Til a Val Arg 
20 25 30 

His Phe Pro Arg lie Trp Leu His Gly Leu Gly Gin His lie Tyr Glu 
35 40 45 

Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala lie lie Arg lie Leu 
50 55 60 

Gin Gin Leu Leu Phe lie His Phe Arg He Gly Cys Arg His Ser Arg 
65 70 75 80 

He Gly Val Thr Gin Gin Arg Arg Ala Arg Asn Gly Ala Ser Arg Ser 
85 90 95 
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art to which the invention pertains and as may be 
applied to the essential features hereinbefore set 
forth, and as follows in the scope of the appended 
claims. 
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Ser Tyr Thr Lys Tyr Arg Tyr Leu Cys lie He Gin Lys Ala Val Tyr 
65 70 75 80 

Met His Val Arg Lys Gly Cys Thr Cys Leu Gly Arg Gly His Gly Pro 
85 90 95 

Gly Gly Trp Arg Pro Gly Pro Pro Pro Pro Pro Pro Pro Gly Leu Val 
100 105 110 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro His Asn 
15 10 15 

Glu Trp Thr Leu Glu Leu Leu Glu Glu Leu Lys Asn Glu Ala Val Arg 
20 25 30 

His Phe Pro Arg He Trp Leu His Gly Leu Gly Gin His He Tyr Glu 
35 40 45 

Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala He He Arg He Leu 
50 55 60 



Gin Gin Leu Leu Phe lie His pne 

65 70 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL : NO 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Leu Gin Arg Ser Pro Glu Pro Thr Ala Pro Pro Glu Glu Ser Phe Arg 
1 5 10 15 

Ser Gly Val Glu Thr Thr Thr Pro Pro Gin Lys Gin Glu Pro He Asp 
20 25 30 

Lys Glu Leu Tyr Pro Leu Thr Ser Leu Arg Ser Leu Phe Gly Asn Asp 
35 40 45 

Pro Ser Ser Gin 
50 



SUBSTITUTE SHEET (RULE 26) 



WO 96/0774 1 PCT/CA95/00S10 

- 40 - 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 105 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ala Glu Ala Pro Thr Glu Leu Pro Pro Val Asp Gly Thr Pro Leu 
15 10 15 

Arg Glu Pro Gly Asp Glu Trp lie lie Glu lie Leu Arg Glu lie Lys 
20 25 30 

Glu Glu Ala Leu Lys His Phe Asp Pro Arg Leu Leu lie Ala Leu Gly 
35 40 45 

Lys Tyr lie Tyr Thr Arg His Gly Asp Thr Leu Glu Gly Ala Arg Glu 
50 55 60 

Leu lie Lys Val Leu Gin Arg Ala Leu Phe Thr His Phe Arg Ala Gly 
65 70 75 80 

Cys Gly His Ser Arg lie Gly Gin Thr Arg Gly Gly Asn Pro Leu Ser 
85 90 95 

Ala He Pro Thr Pro Arg Asn Met Gin 

100 105 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 112 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Thr Asp Pro Arg Glu Thr Val Pro Pro Gly Asn Ser Gly Glu Glu 
15 10 15 

Thr He Gly Glu Ala Phe Ala Trp Leu Asn Arg Thr Val Glu Ala He 
20 25 30 

Asn Arg Glu Ala Val Asn His Leu Pro Arg Glu Leu II Phe Gin Val 
35 40 45 

Trp Gin Arg S r Trp Arg Tyr Trp His Asp Glu Gin Gly Met Ser Glu 
50 55 60 
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7. Th protein according to claim 6, wherein said 
protein affects the structural organization or 
functional integrity of said mature virion by steric 
hindrance or enzymatic disturbance of said virion 
and/or by affecting viral protein interactions 
responsible for infectivity and/or viral replication. 

8. The protein according to claim 1, which 
comprises a sufficient number of amino acids of an 
amino acid sequence, a functional derivative or 
fragment thereof, selected from the group consisting 
of: 

Met Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro His Asn 
15 10 15 

Glu Trp Thr Leu Glu Leu Leu Glu Glu Leu Lys Asn Glu Ala Val Arg 
20 25 30 

His Phe Pro Arg He Trp Leu His Gly Leu Gly Gin His He Tyr Glu 
35 40 45 

Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala He He Arg He Leu 
50 55 60 



Gin Gi n Leu Lf>n Phf> "M f> Hi <t .._Rfaft- Arg Tl fi t y C. ys 



65 70 75 

He Gly Val Thr Gin Gin Arg Arg Ala Arg Asn Gly Ala Ser Arg Ser 
85 90 95 

(SEQ ID NO:l); 

Met Ala Glu Ala Pro Thr Glu Leu Pro Pro Val Asp Gly Thr Pro Leu 
15 10 15 

Arg Glu Pro Gly Asp Glu Trp He He Glu He Leu Arg Glu He Lys 
20 25 30 

Glu Glu Ala Leu Lys His Phe Asp Pro Arg Leu Leu He Ala Leu Gly 
35 40 45 

Lys Tyr He Tyr Thr Arg His Gly Asp Thr Leu Glu Gly Ala Arg Glu 
50 55 60 

Leu He Lys Val Leu Gin Arg Ala Leu Phe Thr His Phe Arg Ala Gly 
65 70 75 80 

Cys Gly His Ser Arg He Gly Gin Thr Arg Gly Gly Asn Pro Leu Ser 
85 90 95 
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1- A protein for targeting into a mature HIV-1 

and/or HIV-2 virion, comprising a sufficient number of 
amino acids of a Vpr protein, a Vpx protein, 
functional derivatives or fragments thereof, wherein 
said protein interacts with Gag-precursor protein of 
said mature virion; thereby being incorporated by said 
mature virion. 

2. The protein according to claim 1, wherein 
said Gag-precursor protein the p6 protein domain. 

3. The protein according to claim 1, which 
further comprises a molecule attached to said protein, 
functional derivative or fragment thereof to form a 
chimeric protein, wherein said chimeric protein is 
incorporated by said mature virion. 

4. The protein according to claim 3, wherein 

-said moleeuie is a — pr otein fragment covalently 

attached to the N- or Oterminal of said protein. 

5. The protein according to claim 4 wherein 
said protein fragment comprises an amino acid sequence 
effective in reducing HIV infectivity and/or 
replication. 

6. The protein according to claim 5, wherein 
said protein fragment comprises an amino acid sequence 
having a RNase or protease activity, an amino acid 
sequence creating steric hindrance during virion 
assembly and morphogenesis, and/or affecting viral 
protein interactions responsible for infectivity 
and/or viral replication. 
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His Phe Pro Arg lie Trp Leu His Gly Leu Gly Gin His lie Tyr Glu 
35 40 45 

Thr Tyr Gly Asp Thr Trp Ala Gly Val Glu Ala lie lie Arg lie Leu 
50 55 60 

Gin Gin Leu Leu Phe lie His Phe 

65 70 (SEQ ID NO:4); 

or 



a sufficient number of amino acids of the following 
amino acid sequence, a functional derivative or 
fragment thereof: 

Leu Gin Arg Ser Pro Glu Pro Thr Ala Pro Pro Glu Glu Ser Phe Arg 
15 10 15 

Ser Gly Val Glu Thr Thr Thr Pro Pro Gin Lys Gin Glu Pro lie Asp 
20 25 30 

Lys Glu Leu Tyr Pro Leu Thr Ser Leu Arg Ser Leu Phe Gly Asn Asp 
35 40 45 

Pro Ser Ser Gin 

50 ( SEQ ID NO: 5). 



12. A method for substantially reducing HIV 
expression or replic ation in a patient infected with 
HIV-1 or HIV-2, which comprises administration of at 
least one therapeutic agent selected from the group 
consisting of the protein according to claim 1 and DNA 
sequences encoding said protein, to said patient in 
association with a pharmaceutically acceptable 
carrier. 

13. The method according to claim 12, wherein 
said administration of a DNA construct harboring a 
Vpr/Vpx-chimeric protein or functional derivative 
thereof or of a Vpr/Vpx-chimeric protein or functional 
derivative thereof is effected via the blood stream. 

14. The method according to claim 12, wherein 
said administration is effected intracellular^ 
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Ala He Pro Thr Pro Arg Asn Met Gin 

100 105 (SEQ ID N0:2); and 

Met Thr Asp Pro Arg Glu Thr Val Pro Pro Gly Asn Ser Gly Glu Glu 
1 5 10 15 

Thr He Gly Glu Ala Phe Ala Trp Leu Asn Arg Thr Val Glu Ala He 
20 25 30 

Asn Ara Glu Ala Val Asn His Leu Pro Arg Glu Leu He Phe Gin Val 
35 40 45 

Tro Gin Arg Ser Trp Arg Tyr Trp His Asp Glu Gin Gly Met Ser Glu 
50 55 60 

Ser Tyr Thr Lys Tyr Arg Tyr Leu Cys He He Gin Lys Ala Val Tyr 
65 ™ 75 80 

Met His Val Arg Lys Gly Cys Thr Cys Leu Gly Arg Gly His Gly Pro 
85 90 95 

Glv Glv Trp Arg Pro Gly Pro Pro Pro Pro Pro Pro Pro Gly Leu Val 
y 100 105 HO 

(SEQ ID N0:3). 

The protein according to claim 8, wherein 
said functional fragment thereof comprises a sequence 
of about 25 to about 63 amino acids. 



10 . A protein for substantially preventing 
replication of mature HIV-1 and HIV-2 virions, which 
comprises a Vpr/Vpx protein fragment, p6 protein, a p6 
protein fragment, or functional derivatives thereof, 
wherein said protein interferes with the incorporation 
of native Vpr/Vpx into HIV-1 and/or HIV-2 virions by 
interacting with native Gag-precursor or with native 
Vpr or Vpx protein. 

11. The protein according to claim 10, which 
comprises a fragment of the amino acid sequence or a 
functional derivative thereof: 

Met Glu Gin Ala Pro Glu Asp Gin Gly Pro Gin Arg Glu Pro His Asn 
I 5 10 15 

Glu Trp Thr Leu Glu Leu Leu Glu Glu Leu Lys Asn Glu Ala Val Arg 
20 25 30 
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20. A pharmaceutical composition for reducing 
HIV expression in a patient infected with HIV-1 or 
HIV-2, which comprises an effective amount of said 
protein according to claim 1 in association with a 
pharmaceutical^ acceptable carrier. 

21. A pharmaceutical composition for reducing 
HIV expression in a patient infected with HIV-1 or 
HIV-2, which comprises a therapeutic amount of said 
protein according to claim 10, in association with a 
pharmaceutical^ acceptable carrier. 

22. A vector comprising: 

(a) a DNA segment encoding a protein which 
interferes with the incorporation of native Vpr/Vpx 
into HIV-1 and/or HIV- 2 virions, comprising a 
sufficient number of amino acids of a Vpr protein, a 
Vpx protein, a p6 protein, functional derivatives or 
fragments thereof; and 

(b) a promoter upstream of said DNA 

segment. 

23. The vector according to claim 22, wherein 
said DNA segment encodes a Vpr/Vpx-chimeric protein. 

24. The vector of claim 23, wherein said vector 
is adapted for expression of said chimeric protein in 
prokaryotic cells. 

25. The vector of claim 23, wherein said vector 
is adapted for expression of said chimeric protein in 
eukaryotic cells. 



SUBSTITUTE SHEET (RULE 2Q 



WO 96/07741 



PCT/CA95/00510 



- 46 - 

through DNA transfection or administration of said 
protein . 

15. a method according to claim 12, wherein said 
administration is effected by DNA transfection of said 
patient f s hematopoietic cells followed by 
readministration of said transfected cells in said 
patient. 

16. a method for substantially reducing HIV 
expression or replication in a patient infected with 
HIV-1 or HIV-2, which comprises administration of at 
least one therapeutic agent selected from the group 
consisting of said protein according to claim 10 and 
DNA sequences encoding said protein, to said patient 
in association with a pharmaceutical^ acceptable 
carrier. 

17. The method according to claim 15, wherein 
said administration of a DNA construct harboring a 
Vpr/Vpx-chimeric protein or functional derivative 
thereof or of a Vpr/Vpx-chimeric protein or functional 
derivative thereof is effected via the blood stream. 

18. The method according to claim 15, wherein 
said administration is effected intracellular^ 
through DNA transfection or administration of said 
protein. 

19. a method according to claim 15, wherein said 
administration is effected by DNA transfection of said 
patient's hematopoietic cells followed by 
readministration of said transfected cells in said 
patient. 
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